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Scatter ing of  1ow energy noble gas ions can be used for  the
ana l ys i s  o f  a  so l i d  su r f ace  ( f ) .  I t  appea rs  t ha t  t h i s  t echn ique  has
an  ex t reme  su r f ace  sens i t i v i t y  ( 2 ) .  Th i s  i s  p robab l y  due  t o  p re fe r -
en t i a l  neu t ra l i za t i on  o f  t hose  i ons  wh i ch  pene t ra te  beyond  t he
su r f ace  l aye r  be fo re  sca t t e r i ng  (3 ) .  Conseguen t l y  t he  vas t  ma jo r i t y
o f  t he  re f l ec ted  i ons  i s  sca t t e red  f r om the  ou te rmos t  su r f ace  l aye r .
A  second  reason  f o r  t he  su r f ace  sens i t i v i t y  o f  l ow  ene rgy  nob le  gas
ion  sca t t e r i ng  may  be  t he  occu r rence  o f  beam a t t enua t i on  (3 ) .  I n
o the r  wo rds ,  t he  y i e l d  o f  pa r t i c l es  sca t t e red  f r o rn  be low  t he  ou te r -
r nos t  su r f ace  l aye r  i s  r educed  because  o f  t he  sc reen ing  ac t i on  o f
the atom layers which lay between the scat ter inct  center  and the
su r f ace  l aye r .
I n  t he  f as t  f ew  yea rs ,  t he  i on  sca t t e r i ng  t echn ique  has  been  used
in  a  w ide  range  o f  su r f ace  s tud ies  such  as  co rnpos i t i on  ana l ys i s
( I t 2 , 4 , 5 ) ,  t o p o g r a p h i c  s t u d i e s  o f  s i n g l e  c r y s t a l  s u r f a c e s  ( 6 , 7 , 8 )
a n d  o f  o r d e r e d  a d s o r p t i o n  ( 9 ) ,  t h e  s t u d y  o f  d e f e c t  s t r u c t u r e s  ( I 0 )
and  t he  i nves t i ga t i on  o f  t he rma l  v j - b ra t j - ons  o f  su r f ace  a toms  (11 - ) .
A l t hough  t he  t echn ique  has  been  app l i ed  success fu l l y  i n  t hese  (and
o t h e r )  e x p e r i m e n t s ,  t h e r e  a r e  s t i l l  s e v e r a l  p r o b l e m s  w h i c h  p r e v e n t
a  w ide r  app l i ca t i on  o f  t he  me thod .
The  ma io r  d i sadvan tage  o f  t he  i on  sca t t e r i nq  t echn ique  i s  t ha t
t he  i on  beam damag ies  t he  su r f ace ,  Spu t t e r i ng  causes  t ha t  no t  a  s t a t i c
bu t  a  dynam ic  su r f ace  i s  i nves t i ga ted ,  wh i l e  a t  t he  same  t ime  damage
s t ruc tu res  as  t he re  a re  s teps  and  vacanc ies  and  so  on  a re  c rea ted .
F l spec ia l l y  when  sem iconduc to r  su r f aces  a re  i nves t i ga ted  t he  damag ing
in f l uence  o f  t he  i on  beam on  t he  su r f ace  i s  1a rge .  Expe r imen ta l l y
i t  h a s  b e e n  s h o w n  t h a t  t h e  a n i s o t r o p y  o f  t h e  a n g u l a r  d i s t r i b u t i o n
o f  i ons  sca t t e red  f r om Ge  and  S i  s i ng le  c r ys ta l  su r f aces  d i sappea rs
a t  t e m p e r a t u r e s  b e l o w  a b o u t  6 0 0  K  ( I 2 ) ,  i n d i c a t i n q  t h a t  a t  t h e s e
tempe ra tu res  t he  su r f ace  becomes  more  o r  l ess  a rno rphous  because  o f
t he  i on  bombardmen t .  Howeve r ,  a l so  f o r  me ta l  t a rge t s  a  da rnag r i no  i n -
f l uence  o f  t he  i on  beam i s  obse rved .  A t  t empe ra tu res  be low  abou t
400  K  damage  peaks  have  been  obse rved  i n  ene rgy  spec t ra  o f  i ons
r e f l e c t e d  f r o m  c o p p e r  a n d  n i c k e l  s u r f a c e s  ( 1 0 , 1 3 ) .  A b o v e  t h i s  t e m -
pe ra tu re  t hese  peaks  dec rease  a l t hough  some t imes  a  r ema inde r  o f  t hem
r e r n a i - n s  v i s i b l e  ( f 4 ) .
Probab l y  t h i s  i s  due  t o  t he  f ac t  t ha t  t he  su r f ace  wh i ch  i s  i n -
v e s t i g a t e d  i s  n o t  o e r f e c t l y  f l a t .  A l t h o u g h  s u r f a c e  d a r . " a g e  i s  n o t
t h e  s u b j e c t  o f  t h i s  t h e s i s ,  a t t e n t i o n  w i l l  b c  p a i C  t o  t h e  i n f l - u e n c e
c f  t h e  d a m a q e  o n  t h e  m e a s u r e m e n t s  ( C h .  I I ) .  T o  a v o i d  a s  m u c h  a s
p o s s i b l e  t h e  i n f f u e n c e  o f  s u r f a c e  d a r n a g e ,  m o s t  e x p e r i r e n t s  w h i c h
a r e  d e s c r i b e c l  i n  t h i s  t h e s i s ,  a r e  p e r f o r m e d  a t  a  r e l a t i v e l y  h i g h
t e n p e r a t u r e  ( 7 0 0  K ) .
A  s e c o n d  n r o b l e m  w h i c h  a r i s e s  i n  i o n - s u r f a c e  s c a t t e r i n g ,  i s  t h e
i n t e r p r e t a t i o n  o f  t h e  n e a s u r e n r e n t s .  F s p e c i a l l y  i n  s t u d i e s  o f  t h e
c r r r F : n o  f n n n a r : n h r r  u ' h i n h  m : L a  r r c a  n f  c h : A n u r i n a  f q \  r n ^  m r r ' l f i n l o
c ^ 2 f f 6 r i n d  / l n  l 1 \  c i m r r l a + i n n c  n f  + h e  i o n  f r e i F . l n r i c s  a l . e  O f t g n
, ,  
v L '
r e q u i r e d  t o  e x p l a i n  t h e  e x n e r i m e n t a l  r e s u l t s .  B e c a u s e  t h e  i n f l u e n c e
o f  t h e r n a l  v i b r a t i o n s  o n  t h e  m u l t i D l e  s c a t t e r i n g  p r o c e s s e s  i s  q u i t e
l . a r g e  ( 1 I , 1 5 ,  I 6 )  ,  t { o n t e  C a r l o  c a L c u l a t l o n s  a r e  n e e d e d  ( 1 7 ,  f B ) .
T h e s e  a r e  r a t h e r  l e n q t h 1 z ,  e s p e c i a l l y  i f  t h r e e  d i n e n s i o n a l  e f f e c t s
h a v e  t o  b e  t a k e n  i n t o  a c c o u n t  ( z i g - z a g  c o l l i s i o n s ,  s u r f a c e  s e m i -
a h r n n a l  l i n a  l ' 1  \  n r  u , a z r a a f n a r r c e i n a  / A \  I  D n c c i l - .  l r r  + h i  <  n r n h l a m  m a \ t
b e  o v e r c o r n e  p a r t l y  b y  f u r t h e r  d e v e l o p i n g  t h e  t v / o  a t o r n  n o d e f  ( 1 9 , 2 0 ) ,
o r  p e r h a p s  b y  d e v e l o p i n g  a  t h r e e  o r  f o u r  a t o m  r n o d e l  ( 2 ) ) .  I n  t h e
e x p e r i r e n t s  w h i c h  a r e  d e s c r i b e d  i n  t h i s  t h e s i s ,  t h e  p r o b l e m s  v r h i c h
m a y  b e  c a u s e d  b - v  m u l t i p l e  s c a t t e r j . n g  a r e  a v o i d e d  a s  m u c h  a s  p o s s i b l e .
I n  C h a p t e r  I I  i t  i s  s h o \ { n  t h a t  d o u b l e  c o l l i s i o n s  h a v e  a  n e g l i g l b l e
i n f l u e n c e  o n  t h e  m e a s u r e n e n t s .  Y e t  i t  a p p e a r s  t h a t  n u l t i p l e  s c a t t e r -
i n q  h a s  t o  b e  t a k e n  i n t o  a c c o u n t  b e c a u s e  i t  c o e s  i n f l u e n c e  t h e  i n -
t e n s i t y  ( C h .  r V )  a n d  t h e  e n e r g y  ( C h .  r i )  o f  t h e  q u a s i  s i n q r l e
c o l l i s i o n  D e a k ,
T h e  f i n a l  r n a r o r  n r n h l p m  c n c o r r n t c r p r l  i n  I ^ w  e n c r o v  i o n  s c a t t e r i n qt  ' s ) v !  : r L v v
e x r t e r i m e n t s  i s  c a u s e C  b y  c h a r g e  e x c h a n q e  o f  t h e  r r r o b i n g  p a r t i c l e s .
T n  t h e  e x p e r i r e n t s  n o b l e  g a s  i o n s  a r e  u s e d  b e c a u s e  t h e s e  p a r t i c l e s
h a v e  a  l a r g e  p r o b a b i l i t y  t o  b e  n e u t r a l i z e d  i f  t h e y  a r e  s c a t t e r e d
f rom ta rge t  a toms  be low  t he  su r f ace  l aye r  ( 3 ) .  l l o \ . / eve r '  t he  same
e f f e c t  c a u s e s  t h a t  m o s t  o f  t h e  p a r t i c l e s  s c a t t e r e d  f r o m  a t o m s  i n
t h e  s u r f a c e  l a y e r ,  a r e  a l s o  n e u t r a l i z e d  ( 3 ) .  A s  a  c o n s e q u e n c e  a
quan t i t a t i ve  exp lana t i on  o f  t he  expe r imen ts  may  be  dub ious  because
t h e  n e u t r a l i z a t i o n  p r o b a b i l i t y  1 s  n o t  k n o w n  ( 2 2 , 2 3 1  .  I n  s o m e  c a s e s
th i s  p rob lem may  be  ove rcome  by  us j - ng  i on  sca t t e r i nq  i n  comb ina t i on
w i t h  o t h e r  t e c h n i q u e s  ( 5 ) .  T h e  i n v e s t i g a t i o n  o f  t h e  c h a r g e  e x c h a n g e
phenomena  encoun te red  i n  l ow  ene rgy  nob le  gas  i on  sca t t e r i ng  i s  t he
main  sub jec t  o f  t h i s  t hes i s .  A t  ene rg i es  be low  abou t  20  keV  t he re
a re  seve ra l  cha rge  t r ans fe r  p rocesses  l . r h i ch  may  occu r .  A t  ve r y  l ow
e n e r g i e s  ( < 1 0 0  e V )  H a g s t r o m  h a s  s h o w n  t h a t  A u g e r  a n d  r e s o n a n c e
t rans i t i ons  o f  conduc t i on  e l ec t r ons  a re  r esnons ib l e  f o r  t he
n e t t t r a l i z a t i o n  o f  n o b l e  g a s  i o n s  r e f l e c t e d  f r o n  m e t a l  s u r f a c e s  ( 2 4 )  .
Recen t l r l  E r i c kson  and  Sm i th  r eFo r ted  expe r i r nen t s  a t  somewha t  h i ghe r
e n e r g i e s  ( . 4  -  2  k e V )  s h o w i n g  o s c i l l a t i o n s  i n  t h e  d e p e n d e n c e  o f
t h e  s f a f f e r p d  i o n  v i e l - d  o n  t h e  i n c i d e n l -  e n e r d v  ( ? 5 ) .  T h e  o s c i I f a t i o n sv r r v t  Y f
a r e  a s c r i b e d  t o  a n  e f e c t r o n  e x c h a n g e  p r o c e s s  i n  w h i c h  a n  e l e c t r o n ,
bound  t o  a  t a rge t  a ton  j - s  i nvo l ved  i n  t he  neu t ra l i za t i on  o f  t he  i on
( 2 6 ) .  F i n a l l . z -  F | -  n r i m : r U  a n 6 r d i a c : l 6 r y 6  c ,  2  k e v  i t  h a s  b e e n  s h o w n
t h a t  i o n s  w h i c h  a r e  n e u t r a l i z e d  b y  a n  l . u g e r  p r o c e s s ,  m a y  b e  i o n i z e c l
a c r a i n  i n  a  v i o l e n t  c o l l i s i o n  ( 2 7  t 2 9 )  .  I n  C h a p t e r  f l l  a  m o d e l  i s
F r e s e n t e d  w h i c h  d e s c r i b e s  t h e  c h a r g e  e x c h a n g e  b e h a v i o u r  o f  l o w  e n e r g ) '
nob le  gas  i ons  sca t t e red  f r on  a  m ,e ta l  su r f ace .  The  rnode l  t akes  i n t o
a c c o u n t  t h e  n e n t i - o n e d  c h a r g e  t r a n s f e r  p r o c e s s e s .  A n  e x p r e s s i o n  i s
i c r i v e d  f o r  t h e  i o n  f r a c t i o n  o f  p a r t i c l e s  i n v o l v e d  i n  a  ( q u a s i )
s i n o l e  c o l l i s i o n  p r o c e s s .  f n  C h a p t e r  I V  t h e  r e s u l t s  o f  a n  e x p e r i m e n t -
a  l  q i -  l r d \ /  n f  f  h a  c h : r o o  a w a h r n a o  h a h : r r i  ^ r r r  ^ r o  n r o c o n l a d  T l -  ^ n n o r r q
t h a t  t h e  m c a s u r e p e n t s  a g r e e  r a t h e r  w e l f  w i t h  t h e  p r e d i c t i o n s  b a s e d
o n  t h e  n r o n o s e d  m o d e l  ( C h .  T I I ) .  I T o w e v e r ,  t h e r e  r e m a i n  s o r n e  q u e s t i o n s
a b o u t  t h e  m o d e l  w h i c h  c a n n o t  b e  a n s w e r e C  a t  p r e s e n t .  T h i s  i s  m a i n J y
due  t o  l im i t a t i ons  o f  t he  appa ra tus  wh i ch  i s  use< l  i n  t he  ex f r e r j -men ts .
A  
- r r h e n c r " e n o n  v r h i c h  i s  c l o s e l v  r e l  a t e d  t o  c h a r q e  e x c h a n g e ,  j  s  t h e
o c c u r r e n c e  o f  i n e l a s t i c  e n e r g y  l o s s .  I n  c o l l i s i o n s  j . n  w h i c h  t h e
i n c o m i n q  p a r t i c l e  i s  i o n i z e d ,  t h i s  n a r t i c l e  l o o s e s  e n e r g y  w h i c h  i s
a b o u t  e q u a l  t o  t h e  i o n i z a t i o n  e n e r g y  ( C h .  I I ) .  F u r t h e r m o r e  r t
a D p e a r s  t h a t  a l s o  i n  o t h e r  c o l l i s i o n s  t h e  p a r t i c l e s ] . o o s e  e n e r g r r  b y
e l e c t r o n i c  e x c i t a t l o n s .  F ,  s i n i f a r  p h e n o m e n o n  i s  o b s e r v e d  i n  c h a n n e l - -
' i n n  a v n a r i  m a n + c  r  i  n d h a r d  c l  a  l  ( ? P l  h : r r a  a i  r z a n  : n  a v n ; g g g i 6 p  f  1
t h e  i n e l - a s t i c  e n e r g y  l o s s .  ( L S S  t h e o r y  f o r  e l e c t r o n i c  s t o p p i n g ) .
r r  r h : n + a r  T T : n  a v 6 p r i m e n f a l  q f r r d r z  n f  t h e  i n e l a S t i C  e n F r o v  l o s s e s
i s  d e s c r i b e d .  T h e  r e s u l t s  a q r e e  v / i t h  t h e  L S S  t h e o r y .
